Dynamic changes in intracellular calcium concentration in response to various stimuli regulates many cellular processes such as proliferation, differentiation, and apoptosis 1 . During apoptosis, calcium accumulation in mitochondria promotes the release of pro-apoptotic factors from the mitochondria into the cytosol 2 . It is therefore of interest to directly measure mitochondrial calcium in living cells in situ during apoptosis. Highresolution fluorescent imaging of cells loaded with dual-excitation ratiometric and non-ratiometric synthetic calcium indicator dyes has been proven to be a reliable and versatile tool to study various aspects of intracellular calcium signaling. Measuring cytosolic calcium fluxes using these techniques is relatively straightforward. However, measuring intramitochondrial calcium levels in intact cells using synthetic calcium indicators such as rhod-2 and rhod-FF is more challenging. Synthetic indicators targeted to mitochondria have blunted responses to repetitive increases in mitochondrial calcium, and disrupt mitochondrial morphology . Binding of calcium to ratiometric pericam causes a shift of its excitation peak from 415 nm to 494 nm, while the emission spectrum, which peaks around 515 nm, remains unchanged. Ratiometric pericam binds a single calcium ion with a dissociation constant in vitro of ~1.7 μM 4 . These properties of ratiometric pericam allow the quantification of rapid and long-term changes in mitochondrial calcium concentration. Furthermore, we describe adaptation of this methodology to a standard wide-field calcium imaging microscope with commonly available filter sets. Using two distinct agonists, the purinergic agonist ATP and apoptosisinducing drug staurosporine, we demonstrate that this method is appropriate for monitoring changes in mitochondrial calcium concentration with a temporal resolution of seconds to hours. Furthermore, we also demonstrate that ratiometric pericam is also useful for measuring mitochondrial fission/fragmentation during apoptosis. Thus, ratiometric pericam is particularly well suited for continuous long-term measurement of mitochondrial calcium dynamics during apoptosis.
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Video Link
The video component of this article can be found at http://www.jove.com/video/2579/ Protocol 1. Pericam-mt Transfection and Cell Preparation. 
Microscope Setup and Image Acquisition
. In this protocol we suggest using a 380 nm filter only because it is ubiquitous in most calcium imaging laboratories. If a 410 nm filter is available, it is preferable to the 380 nm filter. 4. Acquire images sequentially by alternatively exciting at 495 and 380 nm. Acquire images of baseline calcium levels for at least 30 s before application of agonist via a perfusion apparatus. Mark the addition time for each agonist. Exposure times and acquisition intervals should be optimized to prevent photobleaching while still allowing sufficient temporal resolution.For example, for semi-rapid calcium dynamics monitored in response to agonist stimulation, images were acquired every two seconds in Figures 1B and C . Much faster acquisition rates are also possible 6 . Long-term imaging after staurosporine administration was acquired with a longer interval (30s) between acquisitions ( Figures  1 D and E) .
Image Processing and Analysis
1. Once the experiment is complete, obtained images can be analyzed offline. Define regions of interest (ROI) in which you want to monitor changes in calcium levels. Use a ROI selected within an empty area of the field to subtract background if necessary. It should be noted that mitochondria are quite motile and dynamic, and extrapolating events in a single mitochondrion over extended periods is not always possible. Thus, considering the high motility of this organelle in some cell types, selection of ROI should be carefully monitored. Furthermore, as evidenced in Figure 1 , mitochondria response heterogeneously to various stimuli. It is therefore important to analyze data offline and monitor RO1 placement on a frame-by-frame basis. A detailed description of measuring mitochondrial calcium in highly motile mitochondria has been described elsewhere 7 . 
Obtained ratio measurements from the ROI can be imported into

Discussion
Here we present a very simple method for measuring mitochondrial calcium using mitochondrial-targeted ratiometric pericam. As shown in Figure 1A , using standard widefield optics with no deconvolution it is possible to easily view individual mitochondria in HeLa cells with acceptable signal-to-noise ratio. This is because HeLa cells, like most cells in culture, flatten out significantly when adherent obviating the need for confocal microscopy or other specialized equipment. We have found similar results in Jurkat cells adhered to poly-lysine coated coverslips 8 . In contrast to methodologies using dyes, it is also possible to non-invasively monitor mitochondrial calcium levels for hours using genetically encoded calcium indicators such as ratiometric pericam ( Figure 1E ). This is especially important when analyzing mitochondrial calcium during cell death. Furthermore, it is also possible to visualize fission/fragmentation of mitochondria during the apoptotic process. As shown in Figures  1D and E, staurosporine treatment causes a slow increase in calcium in select subpopulations of mitochondria which peaks at 20 minutes. Calcium levels go down again concomitant with mitochondrial fragmentation before going up again 2 hours after treatment. This is consistent with the slow waves in cytosolic calcium induced by staurosporine treatment measured using Fura-2 9 . Thus, important kinetic information can be obtained which is not possible with methods employing static measurements. Although we have presented ratios and not calcium concentrations in Figure 1 , it is possible to calibrate the sensor in situ to calculate absolute calcium levels 4, 10 . One important caveat to consider is that ratiometric pericam is sensitive to pH 4, 10 . As both cytosolic and mitochondrial pH levels can change dramatically during apoptosis 11 , this is an important consideration. Titration of pH in isolated mitochondria expressing pericam demonstrate that increasing [H + ] increases emission of pericam when excited at 495 nm, with little effect on emission stimulated by excitation at 410 nm, a property which has been exploited to simultaneously measure both mitochondrial calcium and pH 12 . Thus, selectively monitoring emission with 410 nm excitation provides a means to non-ratiometrically monitor mitochondrial calcium with reduced concern for pH. Finally, the protocol presented here only requires access to a standard epifluorescent microscope with widely available filters, thus making this technique accessible to most laboratories.
